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THOUGHTS on MAGNETISM. By RICHARD 
KIR WAN, E/q; L.L.D. F.R.S. and M.R.LA. 



l ' J. HERE are two ways of explaining a natural phenomenon; Re*d March 
the firft, is by difcovering the conditions and circumftances of its I9 ' * 79 ' 
production and the laws by which its adtion is governed ; the 
fecond, is by fhewing its analogy, fimilarity or coincidence with 
fome general fadt with whofe laws and exiftence we are already 
acquainted ; this laft mode is by far the moll perfedt and fatis- 
fadtory. In the firft fenfe of the word eledtricity and magnetifm 
have been in fome meafure explained, but in the laft fenfe neither ; 
the primary caufe of magnetifm in particular has hitherto been 
fuppofed to relate to iron alone, or its ores, and to ftand uncon- 
nected with all other natural phasnomena. 

2. If therefore any other general fadt or power can be dif- 
covered to which it bears fome analogy or fimilarity, it may fo 
far be faid to be explained. Now fuch fadt or power I think may 
be afligned, namely, the power of cry/ialization. 
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3. Br cryftalization I underftand that power by which the in- 
tegrant particles of any folid poffeffing fufHcient liberty of motion 
unite to each other, not indifcriminately and confufedly, but ac- 
cording to a peculiar uniform arrangement, fo as to exhibit in its 
laft and moft perfed ftage regular and determinate forms. 

4. This power is now known to be poffefled by all folid mineral 
fubftances. 

5. The forms which cryftals, even of homogeneous fubftances, 
exhibit, are often very numerous ; however in moft cafes they may 
be reduced to a few primordial forms, which, as Abbe Hauy has 
lately experimentally proved, are derived from certain original 
forms appertaining to the minuteft particles of their concretion. 

6. The affemblage of thefe ultimate particles into vifible aggre- 
gates, fimilarly arranged, neceffarily requires that one of their 
furfaces fhould be attra&ive of that particular furface of the other, 
which prefents a correfponding angle, and repulfive of that which 
prefents a different angle, otherwife the various regular rhom- 
boidal and other polygon prifms and pyramids, which cryftals pre- 
fent us, could never exift ; confequently the minuteft prifm, being 
once formed, could never be prolonged if one end of fuch 
prifms were not attractive, and the other repulfive of the fame 
given furface. 

7. Hence it has been obferved that cryftalization never takes 
place in the middle of any folution, but always begins at the fur- 
face 
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face or on the bottom or fides of the veffels that contain it, for 
the particles in the middle of the folution being confufedly mixed 
with each other, and exerting their repulfive as freely as their at- 
tractive powers, the one conftantly counteracting the other, no 
fenfible accretion of a regular kind could take place, whereas the 
repulfive power of the uppermofl particles, or of thofe that reft 
on the fides or bottom of the veffel, is reftrained and impeded. 

8. The repulfive power of cryftalizing fubftances alfo appears 
in many other inftances (of the attractive no doubt has ever been 
formed.) Thus if faturate folutions of nitre, common fait, and 
tartar vitriolate be mixed and fet to cryflalize, each will cryflalize 
a part, which could not happen if the particles of each of thefe 
falts did not only attract their fimilar homogeneous, but alfo repel 
thofe of a different fpecies, otherwife the mere cafual circumftance 
of greater proximity to one than to the other would impel them to 
unite indifcriminately. Again, if a faturate folution of allum be 
mixed with a turbid mixture of clay, and abandoned to infenfible 
evaporation, after fome time the clay will fubfide and form a dry 
mafs, but in the interior of this mafs large regular cryflals of 
allum will be found, whofe component particles mull, to reunite, 
have difplaced and repelled the particles of clay with which they 
were furrounded. 

9. If to a faturate folution of a fait that difficultly cryflalizes, 
a cryftal of a fait of the fame fpecies be inferted, the whole fo- 
lution will foon be brought to cryflalize, as the cryftal inferted 
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attrads the particles diffolved, by its different furfaces ; but if a 
fait of a different nature be inferted this will not happen, cryftali- 
zation will not be promoted. 

10. If to a folution of 2 parts nitre, and 3 parts Glauber's 
fait in 5 parts water, a cryftal of nitre be inferted, the nitre alone 
will cryftalize ; orifinftead of nitre a cryftal of Glauber be in- 
ferted into it, the Glauber alone will cryftalize. Do not thefe 
experiments fully evince both the attractive and repulfive powers, 
not only of different falls but of different furfaces of the fame 
fait? 

1 1. These powers within their proper fphere of aclion have been 
found indefinitely great ; thus water confined in cannon feveral 
inches thick, and expofed to a degree of cold much beneath the 
freezing point, has been obferved to cryftalize into ice that burft 
the metallic impediment oppofed to the form it then affumes. 

1 2. The vaft difference however attending the developement of 
thefe two powers (of magnetifm and cryflalization) will undoubt- 
edly ftrike many as an infuperable objection to their identity, 
yet their direBion in all its varieties being exa&ly the fame, 
difference in other circumftances feems to me to indicate rather a 
variety of degrees^ in the fame power, than any effential difference 
in the powers themfelves. 

I NOW 
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I now come to' the application of the above principles to the 
magnetic phenomena. Thefe may in general be reduced to the 
following, viz. Attraction, Repulfton, Polarity. 

Communication. 

Declination. 

Inclination. 

Exclufive appropriation to Iron. 

Dejlruclion of the Magnetic power. 

ifti Attraction, Repulfton, Polarity. 

The quantity of iron found on and within fuch parts of the 
furface of the globe as we are acquainted with, far furpaffes that 
of any other mineral fubftance fingly taken, or even of many of 
them taken together ; fcarce any ftone or metallic ore or earth is 
found free from it ; it enters into their compofition in the propor- 
tion of from 2 to 1 8 or 20 per cent, and perhaps at a medium we 
may ftate it in all of them at 6 per cent.; moreover its own ores 
are of all others the moft common and the moft copious ; in many 
places, particularly in the moft northern climates, whole moun- 
tains of it are found, and many of them magnetic. When to 
this confideration we add that of the fpecific gravity of the globe, 
which has been found to be 4,5 times heavier than water, not- 
withftanding the immenfe quantity of water that covers the 
greater part of its furface to coniiderable unknown depths, and 

notwithftanding 
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notwithftanding that the fpecific gravity of by far the greater part 
of the ftones and earths it contains does not exceed and fcarcely 
amounts even to three times the weight of an equal bulk of 
water, and that the quantity of mineral fubftances whofe fpecific 
weight exceeds four times that of water is almoft infinitely fmall 
in comparifon to the other known component parts of the globe, 
and finally that the weight of moft iron ores is about four or 
five times that of water ; all this I fay confidered, it is difficult 
to avoid concluding that the interior part of the globe confifts 
chiefly of iron ore difpofed in one or more aggregate maffes j a con- 
clufion that is farther confirmed, on reflecting that volcanic lavas 
ejected from the deepeft receffes with which we are acquainted 
contain from 15 to 20 or 25 per cent, of iron in the ftate moft 
favourable to magnetic attraction. 

Taking then this affertion to be as fully proved as its fubject 
matter is capable of being afcertained, we may deduce from it the 
following corollaries : 

1 ft. That as the ferruginous matter in the globe being by far 
the moft copious, its univerfal attractive power is principally feated 
in the ferruginous part. 

2d. That as all terraqueous matter was originally in a foft 
ftate, its parts were at liberty to arrange themfelves according 
to the laws of their mutual attraction, and in fact did coalefce and 

cryftalize 
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cryftalize in the direction in which they were leaft impeded by the 
rotatory motion of the globe, namely in that which extends 
from North to South, and principally and moft perfectly in the 
parts leaft agitated by that motion, namely thofe next the centre. 

3d. That this cryftalization like that of falts might have taken 
place in one or more fepar ate Jhoots, or as we may here call them, 
immenfe feparate maffes, each having its poles diftinct from thofe 
of the other, thofe in the fame direction repulfive of and diftant 
from each other. 

In confequence then of the univerfal law of attraction of the 
particles of matter to each other, thefe internal magnets exert 
a double power of attraction ; the firft and moft general, on the 
particles of all bodies indifcriminately in proportion to their 
denfity, and the direct or inverfe ratio of the fquarcs of their 
diftances according as thofe bodies are found within or without 
the earth's furface; and the fecond, on bodies of their own 
fpecies in proportion to their homogenity, and to the corref- 
pondence of the arrangement of their integrant particles with 
that of the integrant particles of thefe internal magnets. 

A magnet therefore is a mafs of iron, or of iron ore, whofe 
oxygenation does not exceed 20 per cent, or thereabouts, whofe 
particles are arranged in a direction fimilar to that of the great 
internal central magnets of the globe. This I call the magnetic 
arrangement. 

The 
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The particles of iron attract each other more forcibly than 
thofe of any other known fubftance. This appears by its cohe- 
sion, hardnefs, elafticity and infufibility, in each of which pro- 
perties, or at leaft in the combination of moft of them, it 
exceeds all other known bodies. 

Hence a magnet attrafls iron when within the fphere of its 
action, by forcing, in virtue of its attractive power, a certain 
proportion of its integrant particles into a difpofition and ar- 
rangement fimilar to that of its own. For in this cafe it exerts 
a double attractive power, that of the particles of iron to each 
other, which we have feen to be the greateft of all others, and 
that of cryftalizing bodies, which we have alfo feen to be inde- 
finitely great. 

The cryftalizing power being at once attractive and repuljive, 
according to the direction of the furfaces, (No. 6.) hence we fee 
that one part or end of the magnet muft repel that which the 
other has attracted, as long as the fame difpofition of parts 
remains. 

The difpofition of parts in a particular magnet, being fimilar 
to that which obtains in the great internal general magnet, ex- 
tends in the direction of from North to South. Hence magnets, 
when at liberty to move with a certain degree of freedom, and 
iron, when a fufBcient number of its particles are arranged in 

that 
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that direction, and has fufEcient liberty to conform to it, points 
to thofe poles. Hence this property is called Polarity. 

The magnetic power is greater or leffer according to the 
number and homogenity of the particles Jimilarly and magne- 
tically arranged. Hence fmall magnets may be more powerful 
than a larger, and hence a magnet will attract a magnetized 
needle at a greater diftance than one not magnetized. 

The magnetic power decreafes in a certain ratio of the dif- 
tance of the particles that exercife it. Hence it is ftrongeft in 
the point of contact, and at the poles, as it is there moll unfa- 
iurated^ and weakeft in the central part, which feparates the two 
oppofite poles. 

Whex\ a magnet is broken into fmall pieces its power is 
nearly deftroyed, becaufe though the poles fhould be all of the 
fame kind, yet the diftance of each from the oppofite pole is fo 
fmall that their powers counteract and confequently deftroy each 
other. 

If when a needle is attracted by the fouth pole of a magnet 
a bar of iron be placed on the north pole, the needle is ftill 
more ftrongly attraded, becaufe the iron acquires alfo a fouth 
pole, whofe force is joined to that of the magnet. 

Vol. VI. A a U 
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If two needles be fufpended from any given pole of a magnet 
they will diverge, becaufe they both acquire the fame polar 
arrangement. If a bar of iron be laid on that pole of the mag- 
net the divergence will diminiih, becaufe the next end of the 
iron will acquire the difpofition of the oppofite pole, and con- 
fequently counteract the repulfive power of the magnet. 

A mag met will not tranfmit its power through a bar of iron 
if this be too long. Mufchenbruck limits their length to fix 
feet, but this depends on the ftrength of the magnet. 

The power of a magnet (every thing elfe being equal) de- 
pends on the number of its furfaces magnetically arranged^ and the 
accuracy of that arrangement. 

The arrangement is accurate when the fynonimous furfaces 
are exactly parallel to each other, and originally conformed to 
and parallel with thofe of the great general magnet. 

The magnetic attraction is ftrongeft in the direction perpen- 
dicular to the magnetic furfaces, and weakens in proportion to 
the magnitude of the angle of direction with the perpendicular, 
and confequently is null when at a right angle with it. Hence 
the magnetic power feems concentrated at the poles, and the 
lateral powers are the weakeft, as they originate only in the 
oblique direction of furfaces, or from furfaces inaccurately ar- 
ranged. 

If 
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If the fouth pole of a magnet be charged with filings of iron, 
and then approached to a bar of iron {landing erect, part of the 
filings will drop off, becaufe the poles of the fame name, by ex- 
citing a contrary arrangement, weaken each other ; but if the 
filings were fufpended from the north pole of the magnet it 
would take up ftill more of the filings, as the oppofite poles 
ftrengthen each other, the uppermoft pole of the iron in this 
cafe becoming magnetic by pofition. 

If the fynonimous poles of two magnets of uneqvial powers 
be approached to each other, if the powers be very unequal the 
ftronger immediately deftroys the weaker, and inducing a con- 
trary difpofition attracts inftead of repelling it ; if the powers be 
lefs unequal it requires a longer time; fo alfo if one be fofter 
than the other. Even if their powers be equal, yet after fome 
time the fofter will yield to the harder. If both be equally hard 
they only weaken each other. 

If a magnet be cut in two, in a direction parallel to the axis, 
the parts before conjoined will now repel each other, becaufe 
they ftill retain two fynonimous poles. 

But if the magnet be cut in two in a direction perpendicular 
to the axis, the two ends before conjoined will now attract each 
other. 

A a z I F 
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If a magnetic wire be twifted, its powers are fo difordered 
that one fide of the wire, in fome places of it, will be attracted 
and the other fide repelled by the fame pole of the magnet. 

The power of magnets (ceeteris parib.) is in proportion to 
their furfaces or as the fquares of their diameters, — See Hutton's 
Magnetifm, p. 72. 

Communication. 

When iron is applied to or brcmght within the fphere of 
activity of a particular magnet, it acquires the arrangement re- 
quifite to form the heteronymous pole, and thus becomes itfelf 
in fome degree magnetic in its whole length, if this length be 
not totally difproportioned to the power of the particular 
magnet. 

Hence the other end of fuch bar of iron acquires the ar- 
rangement of the oppofite pole, according to the laws of cry- 
ftalization already laid down. 

Iron becomes magnetic either by contact or proximity to a 
magnet, or by pofition, or by internal commotion. 

If a bar of iron be placed in a vertical pofition its infenfible 
fibrillae gradually acquire the magnetic arrangement, fb that 
after fome years it becomes a complete magnet, its laweft part 
becoming a north pole, that is, pointing when free to the north, 

and 
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and the upper a fouth pole. In the S. hemifphere the under 
end becomes a fouth pole. 

A ear of iron not previoufly magnetic does not acquire this 
difpofition in the flighteft degree while lying in a horizontal or 
nearly a horizontal difpofition, but if one end of it be raifed it 
immediately acquires it in fome degree, as appears by approach- 
ing a magnetic needle to either end, becaufe in that direction it 
is then expofed to the activity of the polar ends of the great 
general magnet. 

But if a bar of iron be heated, though only at one end, and 
while hot fet in a vertical or nearly a vertical pofition, it will 
acquire the magnetic power much more readily. 

So alfo if one end of a bar of iron not magnetic be ftruck 
againft the ground it will become in fome degree magnetic, the 
lower end becoming a north pole, &c. and if afterwards the 
other end be ftruck in the fame manner the poles will be re- 
verfed. 

Hence it is evident that any motion communicated to the inte- 
grant particles of iron placed in a proper fituation helps them 
to afTume the magnetic difpofition already imprefled upon them 
by the great general magnet. 

I f the oppofite poles of two magnets of equal power be ap- 
proached to each other the power of both is increafed ; and 

if 
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if one of them be more powerful than the other it will increafe 
the magnetic difpofition, and confequently the power of the 
weaker. 

Soft iron, as its parts are moft eafily moved, receives the mag- 
netic difpofition moft eafily, hard iron or tempered fteel more 
difficultly, and caft iron, as being both hard and abounding in 
the heterogeneous particles, moft difficultly and imperfectly. 

Whatever way iron is applied to a magnet the magnetic 
power is difFufed in the direction of its length. Hence it 
fhould feem that when a bar of iron is laid on a magnet the 
contiguous ends of the iron become poles of the fame name with 
thofe of the magnet to which they are contiguous, and hence 
may be derived the power of armed magnets^ for the furfaces of 
the armour immediately beneath thofe of the magnet imprefs a 
direction oppofite to their own on thofe of the magnet, and 
confequently rectify fuch furfaces of the magnet as may have 
been inaccurately directed, and thus ftrengthen it. 

To communicate the magnetic power to iron by fridtion 
againft a magnet, it is neceuary that its pole fhould Aide along 
the magnet feveral times in the fame direction, for if the direc- 
tions be alternately oppofed the powers received will fucceflively 
deflroy each other. 

A synonimous pole is formed at the end at which the friction 
begins, to that of the magnet applied, and an oppofite at that 

at which it terminates. 

Appropriation 
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Appropriation to Iron. 

It has of old been obferved that the magnetic phenomena 
were peculiar to iron, and the reafons why they are fo have been 
already afligned, but of late fome femi-metals have been obferved 
to partake of thefe properties, as Nickel, Kobalt and Manganefe ; 
this has been thought to arife from a mixture of ferruginous par- 
ticles from which they can be fcarcely freed, and with refped to 
Manganefe, and in many cafes of the others alfo, this feems to 
hold true ; but with refped to Nickel, and in fome inftances of 
the others alfo, the magnetic properties they difcover feem to me 
to proceed from their great attraction to iron, particularly when 
their particles are duly arranged, for then they are expofed to the 
power of the great general magnet, which ads on them in pro- 
portion to this arrangement and their affinity to iron. 

Of Inclination and Declination. 

These phenomena, which are fo different in different parts of 
the globe, and even in different feafons and hours of the day, 
not being as yet noted with fufficient certainty and precifion, I 
fhall for the prefent decline entering into their explanation. 



